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Abstract
Martin Kaliski is a typical pet owner. He currently houses both cats and a dog. In
order to keep from having to constantly let his pets out in the middle of the night he
has installed a pet door into his home. All was well and good until early one morning
Martin woke up to the sound of his Pomeranian barking violently. He ran
downstairs to see what the problem was. He not only found his dog standing there
but also a wild raccoon. The raccoon had slipped into the house in the early morning
and was rummaging through the pets’ food. Martin was successfully able to get the
wild animal to leave through the way he came only to notice a few minutes later that
the raccoon’s animal accomplice soon snuck out behind him. From that point on
Martin refused to leave the pet door unlocked and no longer uses it. Wild animals
entering through a home’s pet door is not an uncommon thing and leaves a sense of
insecurity for a pet owner. Without having some way of monitoring this, a pet owner
is subject to other animals entering his/her home and potentially destroying his/her
property or causing harm to loved ones.
The goal for this project is to produce a new and innovative way at managing pet
doors. There are a few products out there that already have smart pet door
technology but this project will provide an easy to use and less invasive way of
monitoring which animals can and cannot enter the home. This will be
accomplished by implementing some type of weight sensor that is able to register
the distinct size of the animal trying to enter the home within a programmed range
between 10 – 15 lbs. and from that allow access. In order to help with the cost, a
pre engineered weight sensor will be used as well as already automated pet doors.
4

The ultimate goal is to take this product and be able to add it to already installed pet
doors.
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Introduction
The goal for this product is to design a less invasive pet door that allows only a
homeowner’s pets to enter the house and lock out any other unwanted creatures.
Taking a weight sensor and using it to detect the weight of the homeowner’s pet and
sending its value to a central system that will communicate between the automated
door and sensor will allow this system to be successful. Once the animal has been
detected and registered, the program will decide whether or not to unlock the door
and let the animal in. Cal Poly proffessor Dr. Martin Kaliski brought this problem to
me and has helped me find a way to implement the design and get it to work with
one animal.
The sensor that will be implemented is an electromechanical transducer. In order to
save on cost, a digital bathroom scale will be utilized since it contains 4
electromechanical transducers [1]. The main goal is to be able to take this sensor
along with its built in capabilities and have it communicate with an Arduino Uno
(microcontroller) which will be hooked up to the pet door [2]. An Arduino Uno is
implemented for the main interfaces due to its size and affordability. Many factors
will need to be taken into consideration such as weather, efficiency, and accuracy.
The goal for the overall functionality and system can be seen in Figure 1.
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Figure 1: Sample High Level Look at System Functionality
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Background
Before beginning any type of testing, research was conducted in order to provide
the best possible solution with the amount of time given. Surveys were taken to see
what people use to distinguish between a cat and a raccoon. The answers were
pulled and some of the common results were size, gait, sounds, whisker length, and
nose size.
Given the scope of the project, it was determined that the best distinguishing factor
to use was weight. According to research, an adult cat weighs anywhere between 7.8
– 14 lbs. [3] and a raccoon can weigh from 15-40 lbs. [4] There is enough of a
difference in weight that a weight sensor can be implemented.
Rather than creating a new type of pet door, the solution that was determined was
to create some type of locking mechanism that could be attached to an already
existing pet door. The sensor is placed on the outside of the house with the locking
mechanism located on the inside. By placing the locking mechanism on the inside,
the homeowner’s cat can leave as it pleases but must meet the weight requirements
in order to come back in. This weight requirement helps to filter and prevent any
unwelcomed animals from entering.
Since cats and raccoons could potentially weigh the same, the locking mechanism is
placed on the inside to insure that if a raccoon were to get in, it would be able to
freely leave without being trapped in the home. The goal is to make the product
work as accurately as possible while still compensating for potential errors.
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Requirements
In order to achieve the best results, a marketing approach was taken. This approach
helped to ensure that the basic system requirements would be met along with
producing the most effective system possible. The following requirements were
determined:
1. The system should be able to sense the animal that is trying to enter the
home at a safe distance.
2. The system should have a strong timer to prevent other animals from
following the pet in.
3. The system should be as noninvasive as possible without the pet owner
having to add any additional things to the pet.
4. The system should have a strong locking system.
5. The system should also be able to prevent things such as weather damage (to
the system itself and the home).
6. The system should be easily implemented into existing pet doors or provide
a cost effective solution for installing the automated technology if the pet
door does not already have it.
7. Device must be energy efficient in order to be beneficial for the customer.
8. The dimensions should not exceed that of the pet door itself and must be
aesthetically pleasing for the home.
9. The system should be easy to use for the pet without the need of much
training for the pet.
10. The system should be easily programmable.
9

Table 1: Weight Sensor and Control System Requirements and Specifications
Marketing
Requirements
3, 8, 9
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Engineering Specifications
Small and portable
• Floor mat with height
of approximately 0.5’’
• Dimensions of
approximately 3’’ X 4’’
Weatherproof casing and
insulation

1, 9

Sensor measurements within
+/- 5 lbs.

2, 9

Time between sensing: range
of 5-10 seconds

6, 8

User interface should attach to
the pet door and not be larger
than 3” by 5”
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Power supplied from the
home power outlets
System should be able to have
a locking mechanism that is
digitally controlled by an
Arduino board implemented
with a motor
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Justifications
It must be able to fit inside and
outside a house without taking up
too much space

Since this door will cause access
between the inside and outside it
has to have some type of
weatherproofing to protect from
damage. Also since it is going to
have electrical components it will
have to protect the physical
system from damage
This will help account for water
weight or any other small physical
weight changes the animal might
have over short periods of time
Having a set amount of time for
the door will help keep from other
animals trailing in behind the pet.
It also needs to have enough time
so that it doesn’t let the door lock
on the pet
The user interface should be small
enough that it doesn’t cause an
eyesore but it should be large
enough that the weight and
program menu can be seen
Reduces need for a battery
The entire control system should
be controlled by a small controller
and not be larger than the actual
pet door. This will also help make
it more cost effective
10

Design

After exposing the wires on the sensors from the digital bathroom scale, the
Wheatstone bridge was constructed to resemble Figure 2.

Figure 2: Schematic for the Wheatstone Bridge
The voltage change produced is too small to be read by the Arduino. To solve this
the output of the Wheatstone bridge is sent to a LT1679- Dual/Quad Low Noise,
Rail-to-Rail, Precision Op Amp [5].Using the desired voltage calculation found in the
Integration and Test Results, the following resistor values were determined:
R15 = 330 k Ω
R14 = 112 Ω
R13 = 11 Ω
R12 = 320 Ω
R11 = 112 Ω
R10 = 11 Ω
R 9 = 10 k Ω
11

These resistor values were placed into Figure 3 below. These resistors were chosen
in order to see voltage changes within the 0.1V range. Once these voltages are
verified the output is sent to an analog port on the Arduino. Utilizing the Arduino’s
Analog to Digital converter (ADC), a digital signal is produced and used to drive a
servomotor. This servomotor is used to control the locking mechanism.

Figure 3: Integration of the Wheatstone Bridge to the Amplifier. A0 signifies the
Analog Port on the Arduino Uno
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Test Plans
Several steps are taken to ensure that the system functions properly. The following
plan in Table 2 was designed in order to create a testing strategy that would prove
the systems functionality. In order for this project to be successful, the Wheatstone
bridge circuit must be tested first. This bridge is crucial when measuring the change
in voltage and correlating it to weight. The circuit must make these changes and that
the changes reflect what is to be expected. Next, the operational amplifier is
integrated and the output voltage should now reflect a larger voltage signal and
show the appropriate changes in voltage. This amplified signal is sent to the
Arduino. We then can print the values being read by the analog input to the
computer screen and verify that the voltage being displayed in consistent with what
is being supplied. Convert the analog input to a digital signal to drive a servomotor.
If the servomotor rotates properly when desired weight is applied, the project is
completed.
Table 2: Testing Plan for the Full Project Integration
Component
Wheatstone
Bridge

Amplifier

Arduino

Servo Motor

Test
Test each pressure sensor and verify the resistive
changes. Construct the circuit and verify the output
changes across E+ and EConstruct the amplifier in order to increase the voltage
range. Integrate the amplifier with the Wheatstone bridge
and measure the output from the amplifier. Verify that
change follows 0.1V increments.
Connect the output of the amplifier to an analog input on
the Arduino. Verify that the Arduino is reading the
voltage.
Connect a servomotor to a digital port on an Arduino.
Verify that the servo rotates appropriately to simulate
locking and unlocking

Pass/Fail
Pass

Pass

Pass

Pass
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Development and Construction
Before assembly, each electromechanical transducer must be tested. Testing for
ohms, place a multimeter across the black and red wire with red being ground.
Apply pressure to see if the resistance is stationary or changing. Record whether the
resistance increases or decreases. Repeat and place the multimeter across the red
and white wires. Verify that the white and black wires are in series. Determining
these values is crucial when redesigning the Wheatstone bridge. The results can be
seen in the Test Results section under Table 3 .
Once the resistances are determined the circuit in Figure 2 is constructed. The
circuit needs to be such that as pressure is applied the voltage at ports 2 & 3
increase and 1 & 4 decrease. Setting it up this way will help to initially amplify the
signal before an operational amplifier is added. When connecting 5 volts to the S+
port, S- to ground, and a sensitive multimeter across E+ and E-, it can be verified
that when pressure is applied a change in voltage occurs. This change in voltage is in
the microvolts range on a multimeter and is validated since the resistors change
with pressure causing a change in the voltage coming out.
This small voltage change is not sufficient when being connected to the Arduino
Uno. In order for a sufficient voltage value to be sent, amplify the voltage via
implementation of an operational amplifier within the new circuit. For this
application, a LT1679- Dual/Quad Low Noise, Rail-to-Rail, Precision Op Amp chip
was used. The circuit in Figure 3 is constructed using calculated resistor values.
Apply 5 volts to the operational amplifier and the Wheatstone bridge. Measure the
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output of the operational amplifier and verify that the output voltage changes in
0.1volt increments.
Once the voltage is outputting sufficient voltage changes, develop a correlation
between weight and voltage. Using 5 lb. weights, slowly increment while recording
the change in voltage for each weight. Plot the values and determine the linear
relationship between the two.
After determining the linear relationship, open the Arduino programming software.
Write a program that takes the analog input from the operational amplifier and
converts it to a digital command. For this project, put the output of the operational
amplifier to port A0 on the Arduino. Scale down the input so that the value being
read correlates to the exact voltage being sent out by the amplifier. The input will
then be sent to the Analog to Digital converter on the board and the value will be
read. Set a threshold so that a servomotor will only rotate from 90 – 0 degrees if the
scale reads between 10-15 lbs. The motor should stay at 0 degrees for 5 seconds and
then return back to the 90 degrees. Connect the servo to a digital pin and apply the
conditions for the output. If the weight is within the range of less than 10 lbs. or
greater than 15 lbs. the motor should not rotate.
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Integration and Test Results
After cutting the circuitry out of the digital bathroom scale, each sensor was
individually measured with a multimeter and the resistances were recorded. While
measuring resistances, pressure was applied to determine whether the current
increased or decreased. The results can be seen in Table 3.
Table 3: Measured Resistance Values for Each Weight Sensor and the Changes is
Resistance when Force is Applied
Pressure

Black and
Increase/

Resistor

Black

Decrease

Increase/
White

Decrease

Location

White in
Series

Top Left

1kΩ

increase

1kΩ

decrease

2kΩ

Top Right

1kΩ

increase

1kΩ

decrease

2kΩ

Bottom Left

1kΩ

increase

1kΩ

decrease

2kΩ

Bottom Right

1kΩ

increase

1kΩ

decrease

2kΩ

Desired Voltage Calculation:
The following equation was used to determine which resistor values were selected.
Once selected, the resistors were placed into the amplifier design.
𝑽𝒐𝒖𝒕 = (𝑽𝟐 − 𝑽𝟏 )(𝟏 +
𝟓𝑽 = (𝑽𝟐 − 𝑽𝟏 )(𝟏 +

𝟐𝑹𝟐 𝑹𝟒
)( )
𝑹𝟏 𝑹𝟑

𝟐𝑹𝟐 𝑹𝟒
)( )
𝑹𝟏 𝑹𝟑
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After incorporating the Wheatstone bridge with the amplifier, constant weight was
applied to the bridge in increments of 5 lbs. For each increment the voltage was
measured at the output of the amplifier. The results can be seen in Table 4. Initially,
the change in voltage was in the microvolt range but after applying the amplifier the
changes were seen within a range of 0.4 V.
Table 4: Measured Voltage Values used to determine the Relationship Between Voltage
and Weight

The values found in Table 4 were placed into Excel and plotted in order to
determine a relationship between weight and voltage. From Figure 4 a linear
relationship was determined. This relationship was later used in writing the
software for the ADC on the Arduino Uno.
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Figure 4: Plot of Voltage vs. Weight to Show the Linear Relationship of Voltage to
Weight in 5 lb. Increments
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Conclusion
In order to keep the cost to a minimum a digital bathroom scale was reverse
engineered and taken apart in order to obtain four electromechanical transducers.
Each transducer had three wires, one as a supply and the other two contained
resistors. The resistors were measured to be approximately 1 kilohm and were
sensitive to pressure. It is concluded that the scale implements a Wheatstone bridge.
This bridge circuit takes in two signal voltages (S+ and S-) that represent the voltage
being supplied and ground. Its output when measured provides excite signals (E+
and E-) that send out the change in voltage due to the increase or decrease in
resistance. This change in voltage proved to have a linear correlation to weight. The
resistance change is minimal and in order for the microprocessor to read the signal,
the voltage change needed to be amplified. An operational amplifier with a high gain
was used to show the change in voltage within a 0.1V deviation. This value was then
sent to an Analog to Digital Converter (ADC) and used to determine when the door
would be commanded to open or close.

19

Bibliography
[1]

http://www.healthometer.com/
Website for the brand of digital bathroom scale that was used as the
pressure sensitive Wheatstone bridge circuit for the system.

[2]

https://www.arduino.cc/en/Main/ArduinoBoardUno
Website containing the circuit schematic for the Arduino Uno. This was used
as the microcontroller due to its built in Analog to Digital Converter.

[3]

www.wikipedia.com
Website that aided in the research of the characteristics of a cat.
Ultimately, the variety in weight was used as the determining factor
for the circuit.

[4]

http://wdfw.wa.gov/
Website that aided in the research of the characteristics of a raccoon.
Ultimately, the variety in weight was used as the determining factor
for the circuit.

[5]

http://cds.linear.com/docs/en/datasheet/16789fs.pdf
Website containing the schematic for the LT1679 Quad Low Noise, Rail to
Rail, Precision OP Amp. This OP Amp was used to amplify the strain
gauges that were used in creating the Wheatstone bridge circuit.

[6]

R. Ford and C. Coulston, Design for Electrical and Computer Engineers,
Mcgraw-Hill, 2007, p37.
This book contains many useful tools when beginning the design for
electrical engineers. It was used as a reference in calculating cost
analysis for both labor and production.

20

Appendices
Senior Project Analysis
Project Title: Critter Sitter: Weight Sensing Pet Door
Student: Shelby Richardson
Advisor: Dr. Martin Kaliski
1. Summary of Functional Requirements
This project is centered on the concept of incorporating both a digital
communication system that will work alongside a control system. There will
be a weight sensor implanted into a floor mat located at the entrance of the
pet door. This sensor will measure the weight of an object that is placed on
the mat and will unlock the door if the weight being measured is equal to that
of the homeowners pet with a deviation of approximately +/- 5 lbs. The
system should work fast enough (around approximately 5 seconds) so that
the pet doesn’t get frustrated and move. The amount of time that the door
will remain unlocked will last for duration of approximately 5 seconds so
that the animal has enough time to enter through.
2. Primary Constraints
The main constraint that this project will face is timing. Since I am a oneperson team, designing and implementing this product will take a significant
amount of time. Another huge constraint will be making sure that the system
can work effectively within a mat and be secured from the environmental
factors that will cause significant damage. The system will also face a lot of
challenges with timing as well as if another animal is roughly the same size
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as the homeowners pet being able to access the home as well. Another huge
constraint will be keeping it as cost effective as possible.
3. Economic
The goal by the end of this project is to have a system that has already been
tested and modified based off of consumer reports and surveys. Some of the
risk items that may affect my schedule include:
- Failing to reach deadlines
- Components breaking
- Not testing the system as I go which can lead to harder debugging
- Programming not interfacing with the system properly
- Faulty data being sent through the communication network
Labor Estimation
This product as mentioned before will be very time consuming. Since the
project will be done by one person the cost per hour will range at about $32
(matching competitive rates for what an electrical engineer would be paid).
The time spent on designing and testing will range about 125-150 man-hours.
Referencing Ford and Coulston Chapter 10, the optimal cost would be (cost) =
125 hrs. x $32 = $4000 [6]. The least optimal (cost) = 150 hrs. x $32 = $4800.
4. If Manufactured on a Commercial Basis
If this project were to be manufactured on a commercial basis, it would have
the characteristics as seen below in Table 5 The cost would be determined
based on the size of the pet door that was needed in order to accommodate a
specific pet or how many pet doors are used in the house. The cost should not
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change very much considering a homeowner is likely to only have one pet
door installed in the home.
Table 5: Long Term Cost Analysis
Item

Cost

Resistor

7 @ $0.05 = $0.35

LT1679

$6.43

Wire

$6.99

Arduino Uno

$24.95

Servo

$5.95

Wood

$1.50

Weight Sensor

4 @ $3.99 = $15.96

Labor

12 hours @ $32.00 an hour =$384
Total

$446.13

5. Environmental
This product should have very few environmental impacts. The goal is to
have a product that uses minimal electricity from the home and not cause
any additional electrical costs to the consumer. The manufacturing of the
printed circuit boards will incorporate metals such as silicon. The system will
also be safe and easy for the animals to use and will not cause any added
irritation to them such as microchips or bulky collars.
6. Manufacturability
Some issues that might occur with manufacturability are the infringement on
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other pet door patent rights. The good part about this project is that the
majority of the components being used have already been designed and
manufactured by other companies. The price of these components and
depending on who I purchase from will end up having a significant impact on
the changes that may occur in the total cost of the functioning system. If at
any point the sensor is damaged the door will no longer be functional and
may either remain locked or unlocked. This component most likely will be
the one that needs to be replaced most often.
7. Sustainability
Some challenges that this system will face will be maintaining the integrity of
the system when constantly subjected to animals and the natural
environment. The goal is to make sure that the physical system is always
protected from any sort of outside damage. This is where the physical design
of the floor mat will play a huge role. Another key thing is making sure that
the timer and program don’t glitch because if it tries to lock on the pet it may
cause the pet to become frightened causing them to inflict damage to not only
themselves but the door. Damage to the pets could lead to an eventual
lawsuit.
If the design needs to be upgraded then the microcontroller itself will have to
be replaced. This will take away the main controller of the system. This
should not be a problem however for the weight sensors and those should be
easily integrated. Upgrading the design would cause the consumer to have to
install and reprogram the new system. This could be a huge problem for
24

consumers who struggle with new technology and having to integrate
technical things such as the controller.
8. Ethical
In reference to the IEEE Code of Ethics [6], the following list was comprised
to show the potential ethical issues that this project may experience:
- Not enough funding
- Having a system that fails after a short amount of time
- Animals physically breaking the system
- Infringing on another pet companies’ patents
- Weight sensor failing to weather or animal involvement
- Weight sensor failing with changes in animal diets
- Physical damage to home
- Promising to keep animals out but having the system fail
- Recognizing and referencing use of similar pet door technologies
- Automated system causing harm to the pet / keeping the pet from
physically using the system
9. Health and Safety
The biggest health and safety risk would be the timing system failing and the
door trying to close and lock on the pet while it is in the process of
entering/leaving the door. This can cause the animal to have intense anxiety
or cause physical harm to the pet. Another safety risk would be that a wild
animal of a similar size to the pet is able to fake out the system and enter the
home causing the homeowner’s personal belongings and family to be at risk.
25

10. Social and Political
There are no political things that I feel this product will affect. The only
concern I can see is potential animal rights activists worrying about the
dangers that it may have on the animal however this system will be less
invasive than micro chipping them. I can see animal rights activists being
more likely to approve of a product like this over micro chipping. If I fail to
provide an effective solution to pet doors than the homeowners are back to
leaving their homes at risk to wild animal invasions.
Development
The design and development of this product references the specifications given by
the IEEE protocol. This allows more creative freedom and the ability to manipulate
both the coding and design of the system. The creative solution that I am offering is
that the weight sensor incorporated into aesthetically pleasing floor mats (allowing
the animals to clean their paws before entering) will be easy to use and will
effectively keep out unwanted animals where my competitors have already
promised to do and failed.
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Specifications and Requirements
For this project to be successful, there are three components that need to be
completed. The system needs to be able to be installed easily, the weight sensor
needs to be integrated and calibrate, and the motor needs to function properly.
Figure 5 outlines in more detail what each requirement needs to satisfy.

Figure 5: High Level Breakdown of System Component Requirements
The input and outputs need to be established to make sure that each component is
incorporated properly. Table 6 gives a more descriptive layout of what each input
and output of the system does.
Table 6 : Decomposition of the Inputs and Outputs and Description of Requirements
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Figure 6 is a flow diagram that shows the steps that are taken in order to complete
the project in a sufficient amount of time. First the weight sensor needs to be
designed into a Wheatstone bridge. Following this step is the integration of an
amplifier to amplify the voltage signal and the foundational programming is started.
Once these steps are completed the entire system can be integrated together.

Figure 6: Flow Down Diagram of the Steps Taken to Complete the Project

Parts List and Cost
Table 7 lists the parts used and the cost of each individual item. Since a digital
bathroom scale was used, the overall cost was cheaper. In order to give a more
realistic value, electromechanical transducers were researched online and that cost
is included in the table below
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Table 7 : Overall Breakdown of the Parts Used and Each Parts Total Cost
Item

Cost

Resistor

7 @ $0.05 = $0.35

LT1679

$6.43

Wire

$6.99

Arduino Uno

$24.95

Servo

$5.95

Wood

$1.50

Weight Sensor
TOTAL COST

4 @ $3.99 = $15.96
$62.13
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Schedule – Time Estimates
The Gantt charts found below in Figures 7(a-c) show the time frame that was
constructed in Fall of 2015 a for developing this project. The charts are split up by
quarter in order to create a higher-level checklist to follow. It is important to note
that these charts were meant as a guide. Just as with any type of engineering project
the schedule was adjusted. Fall quarter was used as an initial brainstorming to
figure out what was necessary to be done to complete the project. Winter quarter
involved research and development of the desired system. Spring quarter was
where most of the final design and testing occurred.

Figure 7a: Fall 2015 Gantt Chart

Figure 7b: Winter 2015 Gantt Chart

Figure 7c: Spring 2015 Gantt Chart
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IC Location Diagram
The following diagram for the LT1679 was obtained from the Linear Technology
website and included in Figure 8 below [5].

Figure 8: Linear Technology LT1679 Integrated Circuit Pin Out Diagram from
Datasheet
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PC Board Layout
For this project a PC board was not created. Instead a solder-less breadboard was
used. It is important to note that because of this decision, the wires needed to be
shortened as much as possible in order to avoid undue signal distortion. When no
load is applied there should be 0 volts being read by the Arduino. If a PC board was
used, this would have given closer results to 0 volts than the solderless breadboard
did. It is recommended for future production that a PC board be used in order to
increase the accuracy and sensitivity of the scale. The solder less breadboard layout
can be seen in Figure 9 below.

Figure 9: Solder less Breadboard Layout
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Program Listing (for Software)
#include <Servo.h>
Servo myservo;
void setup() {
// put your setup code here, to run once:
Serial.begin(9600); //initializing serial communication at 9600 bits
// per second
myservo.attach(9); // attach servo to pin 9
myservo.write(90); // set servo to locking position
}
void loop() {
// put your main code here, to run repeatedly:
int sensorValue = analogRead(A0); //read input on analog pin A0
float voltage = sensorValue * (5.0 / 1023.0); //convert analog
//reading to 0-5V
delay(2000); //wait to get a solid reading
Serial.println(voltage);
if (voltage > 1.0 && voltage < 1.4) { // check if voltage is in range
myservo.write(0); // unlock the door
delay(5000);
myservo.write(90); // lock the door again
delay(5000);
}
else {
myservo.write(90); //door remains locked
}
}
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Hardware Configuration/Layout
Figure 10 below is the complete layout of the project. This figure shows the
connection of the Wheatstone bridge to the LT1679. The LT1679 connects to the
analog input of the Arduino Uno, which then converts the analog input to a digital
value. This digital value drives the motor.

Figure 10: Complete Schematic for the Critter Sitter: Weight Sensing Pet Door
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